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Abstract
In studies of the pathogenesis of pancreatic fibrosis, pancreatic stellate cells (PSCs) have
recently gained attention. In the present study, we established a new collagenase perfusion method
through thoracic aorta cannulation to isolate PSCs, and we studied gene expression of TGF-beta1,
type I collagen, and connective tissue growth factor using primary cultured PSCs. Our method
facilitated PSC isolation, and by our new method, 4.3 +/- 1.2 x 10(6) PSCs were obtained from
a rat. In comparing the expression of these genes with that of hepatic stellate cells (HSCs), we
observed a similar pattern, although PSCs expressed type I collagen gene earlier than did HSCs.
These results suggest that PSCs may play an important role in fibrosis of the pancreas, as HSCs do
in liver fibrosis; in addition, PSCs may exist in a preactivated state or may be more easily activated
than are HSCs. We also isolated the PSCs from a WBN/Kob rat, the spontaneous pancreatitis rat,
and compared the gene expression with that from a normal rat.
KEYWORDS: pancreatic stellate cell, transforming growth factor beta, connective tissue growth
factor, collagenase perfusion, WBN/Kob rat
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EstablishmentofaNovelColagenasePerfusionMethodto
IsolateRatPancreaticStelateCelsandInvestigationof
TheirGeneExpressionofTGF-β1,TypeIColagen,and
CTGFinPrimaryCultureorFreshlyIsolatedCels
ToshiyukiShinji?,KozoUjike?,KojiOchi?,NobuchikaKusano?,TetsuyaKikui?,
NaokiMatsumura?,YasuyukiEmori?,ToshinobuSeno?,andNorioKoide?
?DepartmentofLaboratoryMedicineand?DepartmentofPeriodontalScience,OkayamaUniversityGraduateSchool
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Instudiesofthepathogenesisofpancreaticﬁbrosis,pancreaticstelatecels(PSCs)haverecently
gainedattention.Inthepresentstudy,weestablishedanewcolagenaseperfusionmethodthrough
thoracicaortacannulationtoisolatePSCs,andwestudiedgeneexpressionofTGF-β1,typeI
colagen,andconnectivetissuegrowthfactorusingprimaryculturedPSCs.Ourmethodfacilitated
PSCisolation,andbyournewmethod,4.3±1.2×10?PSCswereobtainedfromarat.Incomparing
theexpressionofthesegeneswiththatofhepaticstelatecels(HSCs),weobservedasimilar
pattern,althoughPSCsexpressedtypeIcolagengeneearlierthandidHSCs.Theseresultssuggest
thatPSCsmayplayanimportantroleinﬁbrosisofthepancreas,asHSCsdoinliverﬁbrosis;in
addition,PSCsmayexistinapreactivatedstateormaybemoreeasilyactivatedthanareHSCs.We
alsoisolatedthePSCsfromaWBN/Kobrat,thespontaneouspancreatitisrat,andcomparedthe
geneexpressionwiththatfromanormalrat.
Keywords:pancreaticstelatecel,transforminggrowthfactorbeta,connectivetissuegrowthfactor,colagenase
perfusion,WBN/Kobrat
P ancreaticﬁbrosisisoneofthemostimportantpathologicalfeaturesinchronicpancreatitis［1］.
Thepathogenesisofpancreaticﬁbrosis,however,hasnot
beensu?cientlystudiedcomparedwiththatofhepatic
ﬁbrosis.
Intheliver,thepathogenesisofﬁbrosishasbeenwel
studied［2,3］.Themostimportantcelsforliver
ﬁbrogenesisarehepaticstelatecels(HSCs).Afterliver
injury,HSCsproliferateandsynthesizetheextracelular
matrix(ECM).Manykindsofcytokines,including
transforminggrowthfactor(TGF)-β1,havebeensug-
gestedtobeinvolvedintheactivationofHSCs.Ithas
beenfoundthatTGF-β1stimulatesthesynthesisof
ECMmoleculesandinhibitscelproliferationofHSCsin
vitro［4］.
TGF-β1hasbeenrevealedtoplayanimportantrole
inchronicpancreatitisandinpancreaticﬁbrosis［5,6］.
Furthermore,stelate-shapedcelshavebeenseparated
andculturedandarenowreferredtoaspancreaticstelate
cels(PSCs)［7-12］.LikeHSCs,PSCshavedroplets
containingvitaminA,andlong-culturedcelsbecome
myoﬁbroblast-likeinshapeandarepositiveforα-smooth
muscleactin.［8,9］
SeveralstudiesofPSCshavesuggestedthatthey
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mightplayanimportantroleinpancreaticﬁbrosis,as
HSCsdoinliverﬁbrosis［13,14］.However,studiesof
primary-culturedPSCshavebeenrare,probablydueto
di?cultiesinisolatingasu?cientnumberofcels.Inthis
study,wedevelopedanovelcolagenaseperfusion
methodforthepancreas,performedprimaryculturingof
PSCs,andinvestigatedthegeneexpressionofTGF-β1,
typeIcolagen,andconnectivetissuegrowthfactor
(CTGF).
MaterialsandMethods
PSCswereisolatedasfolows.
One-year-oldmaleWistarratsweighing500-700gwere
anesthetizedbyi.p.injectionofsodiumpentobarbital(50
mgperkgbodyweight),theabdomenandchestwere
opened,andacannulawasinsertedintothethoracic
aorta.AfterperfusionwithHanks’balancedsaltsolution
(HBSS)withoutCa?orMg?(InvitrogenCorporation,
Carlsbad,CA,USA)andcontaining0.5mMEthylene
glycol-bis(2-aminoethylether)-N,N,N’,N’-tetraaceticacid
(EGTA)at15ml/minfor5min,perfusionwith0.03
colagenase(Sigma,St.Louis,MO,USA)inHBSS
withCa? andMg? at15ml/minfor12minwas
performed.Thedistendedpancreaswasresectedand
mincedwithscissorsandshakenwith35mlof0.03
colagenasesolutionfor8to12minat37°C.Digested
tissuewaspipetedthroughnarroworiﬁcesandﬁltered
througha150-μmmesh.Amodiﬁedmethodofdensity
gradientcentrifugation［14］intheliverwasthenperform-
ed.Celswerewashedandthenresuspendedin8.0mlof
Gey’sBalancedSaltSolution(GBSS)(Invitrogen)
containing0.3 bovineserumalbumin(BSA).Thecel
suspensionwasmixedwith9.0mlof28.7 (wt/vol)of
Nycodenz?(NycomedPharmaAS,Oslo,Norway)in
GBSS.TheNycodenzgradientwaspreparedbylayering
thecelsuspensioninNycodenzunderneath6mlof
GBSSwithBSAina50-mlcentrifugetube.Thegradient
wascentrifugedfor20minat1,400×g.Stelatecels
separatedintoafuzzybandjustabovetheinterfaceofthe
Nycodenzsolutionandtheaqueousbu?er.Thisbandwas
harvested,andthecelswerewashedandresuspendedin
Iscove’s Modiﬁed Dulbecco’s Medium (IMDM)
(Invitrogen)containing10 fetalbovineserum(FBS)
andAntibiotic-Antimycoticsolution(Invitrogen).The
viabilityofisolatedcelswasassessedbytrypanblue
exclusion, and cels were counted using a
haematocytometer.Thecelswereseededinadensityof
5×10?cels/cm?andmaintainedat37°Cinahumidiﬁed
atmosphereof5 CO?/95 air.Theﬂowchartofthis
methodisshowninFig.1.Theculturemediumwas
changedthedayafterseedingandeachsecondday
thereafter.Celswereharvestedondays2,4,and7.
TocomparethefreshlyisolatedPSCsoftheﬁbrotic
pancreasandthoseofthenormalpancreas,weused
20-week-oldmaleWBN/Kobrats,whicharespontane-
ouspancreatitisrats［15］(purchasedfromJapanSLC,
Shizuoka,Japan),andtheisolationofPSCswas
performedbythesamemethod.PSCsfromtheWBN/
Kobratsandnormalratswereculturedfor2hinIMDM
containing10 FBSuntilPSCsatachedthemselvesto
theplasticdishes;theywerethenwashedtwicewith
HBSSwithoutCa?orMg?toremovecontaminating
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non-PSCs,andTRIZOL? reagent(Invitrogen)was
directlyappliedtoextractRNAsforNorthernblotanaly-
sis.
Alanimalexperimentswereperformedinaccordance
withtheGuidelinesforAnimalExperimentsofOkayama
UniversityMedicalSchool.
To
comparethegeneexpressionofculturedPSCswith
HSCs,HSCswereisolatedfromratsweighing500-700
gandcultured.Brieﬂy,HSCswerepuriﬁedbysingle-
stepdensitygradientcentrifugationwithNycodenzafter
colagenase-pronaseperfusion［14,16］.HSCswere
seededatadensityof5×10?cels/cm?andmaintained
in IMDM containing 10 FBS and Antibiotic-
Antimycoticsolution.Celswereharvestedondays2,4,
and7.
Using
phase-contrastmicroscopy,culturedcelswereidentiﬁed
basedontheirstelate-likemorphology.
Fortheimmunocytology,PSCswereculturedfor7
daysinLab-Tektissueculturechamber/slides(Miles
Scientiﬁc,Napervil,IL,USA).Glassslideswereﬁxed
for30mininmethanol.Thereafter,glasscoverslipswere
air-driedandstoredat4°Cuntilcelswerestained.
Brieﬂy,afterbeingincubatedinmethanolwith0.3
H?O?for30mintoblockendogenousperoxidaseactivity
andrinsedwithphosphate-bu?eredsaline(PBS)toblock
nonspeciﬁcreactionwith10 normalgoatserumfor20
min,glassslideswereincubatedwiththeprimaryanti-
bodies(mousemonoclonalanti-α-smoothmuscleactin
(α-SMA)antibody,DAKOJAPAN,Kyoto,Japan,or
rabbitpolyclonalanti-desminantibody(ChemiconInterna-
tional,Temecula,CA,USA)atworkingdilutions(1:25
or1:10,respectively)at4°Covernight.Afterrinsing3
timeswithPBS,ENVISION/HRP(DAB)Kit(DAKO
JAPAN)wasusedasthesecondantibodiesandforcolor
development.
TotalRNAwasextractedfromculturedPSCor
HSC samplesby thesingle-step method ofacid
guanidinium thiocyanate-phenol-chloroform extraction
［17］usingTRIZOL?reagentaccordingtothemanufac-
turer’sinstructions.NorthernblotanalysisofTGF-β1,
TypeIcolagen, CTGF, and Glyceraldehyde3-
phosphatedehydrogenase(GAPDH)wasperformedas
folows.TotalcelularRNA(10μgeachforprimary
culturedPSCsorHSCs,3.3μgeachforPSCsfrom
WBN/Kobandnormalrats)wasresolvedbyagarose/
formaldehydegelelectrophoresis,asdescribedpreviously
［18］,andtransferredtoHybond-XLmembrane(Amer-
sham Biosciences, Buckinghamshire, England)and
bakedat80°Cfor3h.Ethidiumbromidestainingofthe
agarosegelwasusedtoverifyequalloadingandbloting
oftotalRNA.Hybridizationprobeslabeledwith［α-?P］
dATP (Amersham Biosciences)wereasymmetricaly
ampliﬁedusingtheStrip-EZ??PCRprobesynthesiskit
(Ambion,Inc.,Austin,TX,USA)accordingtothe
manufacturer’sinstructionmanual.Templateplasmidsfor
TGF-β1,TypeIcolagen,CTGF,andGAPDHwere
preparedasdescribedpreviously［19］.Forcultured
PSCsandHSCs,α-SMAgeneexpressionwasalso
examined.Templateplasmidforα-SMAwaspreparedas
describedpreviously［20］.Prehybridizationswereper-
formedinULTRAhyb??hybridizationbu?er(Ambion,
Inc.)at42°Cfor3h.Hybridizationswereperformedin
thesamehybridizationbu?ersupplementedwith0.5×
10?cpm/mllabeledcDNA at42°Covernight.The
membranewaswashedin2×SSC,0.1 SDSatroom
temperaturefor15mintwice,thenin0.1×SSC,0.1
SDSat68°Cfor45mintwiceandexposedtoKodak
X-OMATAR??ﬁlms(EastmanKodakCo.,Rochester,
NY,USA)at－80°Cwithanintensifyingscreenfor
timesrangingfromovernighttoseveraldays.Tore-use
blotingmembrane,hybridizedprobeswereremoved
usingStrip-EZ??PCRproberemovablekit(Ambion,
Inc.)accordingtothemanufacturer’sinstructionmanual.
Results
Photographsofratthoracic
aortaandpancreasre-andpost-colagenaseperfusionare
showninFig.2.
Afterthoracicaortacannulation,thepancreaswas
successfulyperfusedandremarkablydistendedafter
colagenaseperfusion,asshowninFig.2C.After
densitygradientcentrifugation,4.3±1.2×10?PSCs
wereobtainedfromeachrat.Purityandviabilitywere＞
85 and＞90 ,respectively.Yield,purity,and
viabilityofWBN/Kobrats’PSCsweresimilar.Yield,
purity,andviabilityofHSCswere1.7×10?,70 ,and
76 ,respectively.
Phase-contrastmicros-
copyofPSCs4hafterseedingareshowninFig.3Aand
3B.Stelate-shapedcelswithdropletsinthecytoplasm
arepresent.PSCsafter2daysofculturingbecame
NewIsolationMethodforPancreaticStelateCelsAugust2002 213
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Fig.2 Photographsofratthoracicaortaandpancreaspre-andpost-colagenaseperfusion.(A)Photographofaratthoracicaorta.The
arrowindicatesthecannulainsertionpoint.(B)Photographofaratpancreasbeforecolagenaseperfusion.Thearrowindicatesanormal
pancreas.(C)Photographofaratpancreasaftercolagenaseperfusion.Thearrowindicatesadistendedpancreas.
Fig.3 Phase-contrastmicroscopyofculturedPSCs.(AandB)PSCs4hafterseed.Arrowheadsindicatelipiddroplets.(C)PSCsafter
2daysofculturing.Barsindicate50μm.
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spindle-shaped,asshowninFig.3C.Immunocytology
ofPSCsafter7daysofculturingisshowninFig.4A
and4B.Celsexpressbothα-smoothmuscleactinand
desmininthecytoplasm.Theseresultswerecompatible
withthoseofpreviousreports［8,9］.
β
α
TheresultsofNorthernblotanalysisofcul-
turedHSCsandPSCsareshowninFig.5.We
examinedgeneexpressioninprimaryculturedHSCsand
PSCsfromdays2,4,and7.
TGF-β1signalsofbothHSCsandPSCswere
continuouslyexpressedfromday2today7.
Ondays4and7,α-SMA geneofPSCswere
expressed,whichreﬂectedtheactivationofcultured
PSCsandwascompatiblewiththeimmunocytology.
Incontrast,typeIcolagensignalswereincreasingly
expressedfromday2today7.Furthermore,typeI
colagengeneexpressionofPSCsappearedearlierand
wasstrongerthanthatofHSCs.Onday2,typeI
colagenexpressionofPSCswasalreadyvisible.
TodeterminewhetherPSCsdoexpresstheCTGF
gene,weperformedNorthernblotanalysisofcultured
PSCsfromday2today7.AsshowninFig.5,Both
HSCsandPSCsshowedagradualincreaseinexpression
oftheCTGFgene.LiketypeIcolagen,CTGFgene
expressionofPSCsappearedearlierandwasstronger
thanthatofHSCs.Onday2,CTGFexpressionof
PSCswasalreadyvisible.
TotalRNAamountsfromPSCsof
onenormalratorfromoneWBN/Kobratwereapproxi-
mately3.3-3.5μg.Therefore,3.3μgeachoftotalRNA
wasresolvedbyagarose/formaldehydegelelectropho-
resis.
TheresultsofNorthernblotanalysisofTGF-β1,
TypeIcolagen,andCTGFofthefreshlyisolatedPSCs
oftheWBN/KobratandnormalratareshowninFig.
Fig.4 ImmunocytologyofPSCsafter7daysofculturing.Celsarepositiveforα-smoothmuscleactin(A)anddesmin(B)inthecytoplasm.
Barsindicate50μm.
Fig.5 ExpressionkineticsofTGF-β1,typeIcolagen,α-SMA,
andCTGFgenesinprimaryculturedHSCsandPSCs.TGF-β1,type
Icolagen,α-SMA,CTGF,andGAPDHmRNAsweredeterminedby
Northernblotanalysis.RNAswereobtainedat2,4,and7daysof
culturing.Theresultsof2experimentsareshownforPSCs.18Sand
28SshowribosomalRNAs.
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6.TGF-β1signalsfromPSCsofboththeWBN/Kob
andnormalratwereexpressedequivalently.Regarding
CTGF,thegeneexpressionofbothnormalratPSCsand
WBN/KobPSCswereweak.Incontrast,thetypeI
colagensignalofWBN/Kob’sPSCswasmoreintense
thanthatofnormalPSCs.
Discussion
Fibrosisisoneofthemajorpathologicalaspectsof
boththeliverandpancreas［1-3］.Intheliver,HSCs
playamajorroleinﬁbrosis,andmanyrelatedstudies
havebeenperformed.Recently,PSCshavealsoreceived
atentionasanimportantplayerinpancreaticﬁbrosis.
SeveralisolationmethodsforPSCshavebeenreported
［7-9］(Table1).Asthepancreasisasmalorgan,itis
di?culttoseparatemanyPSCs,andmoststudieshave
utilizedseveralpassagedcels,whicharetransformedand
fulyactivatedcels［7,10-12］.Ofcourse,theresults
fromthesestudieshavebeenuseful,butifamethodfor
obtainingsu?cientnumberofPSCswereestablished,
manyadditionalexperimentscouldbeplanned.
Bachemetal.havedescribedacommonbileduct
cannulationmethodthatalowsonetogetmanyPSCs
［8］.Astheratcommonbileductisverythin,usingthis
methodrequiresexperienceandskil.Inthepresent
study,wedevelopedanovelcolagenaseperfusion
methodthroughthoracicaortacannulation.Wewereable
touseathickercannulathanforcommonbileduct
cannulation,whichmadeiteasytocannulate.Our
methodalsoalowedustoobtainsu?cientnumbersof
celstoinvestigate.Therearemanyresearchersstudying
liverﬁbrosisusingHSCs,andwebelieveuseofour
methodisaseasyasthatforHSCisolation,whichwould
alowtheseresearcherstostudytheﬁeldofpancreas
ﬁbrosiseasily.Therefore,themostimportantﬁndingof
thepresentworkistheestablishmentofaneasyand
su?cientmethodforPSCisolation.
TGF-β1isakeycytokineofliverﬁbrosis［2,3］,
andCTGFhasaTGF-β1responsiveelementinits
promotersequence［21］,CTGFisthoughttobea
downstreame?ectorofTGF-β1,anditmaycoordinate
theactionofTGF-β1.Morietal.showedthatTGF-β
causedtheinductionofskinﬁbrosisandCTGFwas
necessaryforthemaintenanceofpersistentﬁbrosis［22］.
Furthermore,diMolaetal.showedoverexpressionof
CTGF,TGF-β1,andtypeIcolagenincasesofhuman
chronicpancreatitis［23］.Therefore,weexaminedthe
Table1 ReportedIsolstionmethodsofpancreaticstelatecels
Authors SaotomeT.etal. BachemMG.etal. ApteMV.etal. ShinjiT.etal.
Year 1997 1998 1998 2002
ReferenceNo. (7) (8) (9)
Animal human rat rat rat
Yield unknown 1.5－8×10?/arat 2.0×10?/g 4.3±1.2×10?/arat
pancreas
Fig.6 Comparisonofthegeneexpressionsofthefreshlyisolated
PSCsofthenormalandﬁbroticpancreas.TGF-β1,typeIcolagen,
CTGF,andGAPDHmRNAsweredeterminedbyNorthernblotanaly-
sis.RNAswereobtainedfromfreshlyisolatedPSCsofanormalrat
andthoseofaWBN/Kobrat.18Sand28SshowribosomalRNAs.
Shinjietal. ActaMed.Okayama Vol.56,No.4216
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geneexpressionofTGF-β1,CTGF,andtypeIcolagen
ofculturedorfreshlyisolatedPSCs.
Inourcase,culturedPSCsexpressedTGF-β1,type
Icolagen,andCTGFgenes,alofwhichHSCsexpress
inliverﬁbrosis［2,3,24］.Theexpressionpaternsof
thesegenesinprimaryculturedPSCsweresimilarto
thoseofprimaryculturedHSCs.Therewere,however,
somedi?erencesbetweenculturedPSCsandHSCs.
SeparatedPSCsatachedtoculturedishesandshoweda
stelateshapeat2hafterseeding,whichwasearlierthan
forHSCs(datanotshown).Apparentgeneexpressionof
typeIcolagenwasseenatday2.Theseresultsmay
indicatethatPSCsandHSCsplaysimilarrolesin
ﬁbrosis.PSCs,however,mightexistinapreactivated
stateorbeeasilyactivatedcomparedwithHSCs.
WealsocomparedthegeneexpressionofPSCsfrom
normalratpancreaswiththatfromﬁbroticratpancreas.
PSCsfromtheWBN/Kobratshowedastrongexpres-
sionoftypeIcolagen.Thisresultwasreasonableand
supportstheusefulnessofournewmethod.CTGF
expressionofPSCsfromtheWBN/Kobratwasweak,
aresultthatdi?eredfromtheculture-activatedCTGF
expressionofPSCs(Figs.5and6).ByNycodenz
gradientcentrifugation,thefulyactivatedPSCsmaynot
beincluded,andtheobtainedPSCswilincludedi?erent
activationstagesofPSCs.Therefore,freshlyisolated
PSCsfromﬁbroticpancreasandculture-activatedPSCs
cannotbecompareddirectly.ThereasonwhyWBN/
Kobmaleratsexperiencespontaneouspancreaticﬁbrosis
isstilunknown.Ournewmethodmayhelptosolvethis
problem,asfurtherstudiescanbecarriedoutusingthe
newPSCisolationmethod.
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